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POLYINOSINIC-POLYCYTIDYLIC ACID STABILIZED with polylysine and carboxymethylcellulose (poIy-ICLC) 
(1 0-50 mcg/kg, administered intramuscularly one to three times weekly) was given for <56 months to 38 patients 
with malignant gliomas. There was minimal or no toxicity. Twenty of 30 patients (66%) receiving at least twice 
weekly poly-ICLC showed regression or stabilization of gadolinium-enhancing tumor, as revealed by magnetic 
resonance imaging (median = 65% volume decrease). All but one patient with anaplastic astrocytomas who 
received continuous poly-ICLC remain alive, with a median progression-free survival of 54 months from diagnosis. 
Median Kaplan-Meier survival is 19 months for patients with glioblastomas who receive at least twice weekly 
poIy-ICLC treatments. Tumor response was associated with 2',5'-oIigoadeny!ate synthetase activation (P= 0.03) but 
not with serum interferon. We hypothesize clinical activation by poly-ICLC of a basic host tumor suppressor system. 
Prolonged, quality survival with tumor stabilization or regression confirmed by magnetic resonance imaging for most 
patients with anaplastic astrocytomas and glioblastomas suggests that more extensive laboratory and controlled 
clinical studies are warranted. The concept of long-term, broad spectrum stimulation of host defenses with nontoxic, 
inexpensive double-stranded ribonucleic acids, such as low-dose poly-ICLC, may be applicable to the treatment of 
other malignancies. (Neurosurgery 38:1 096-1 1 04, 1 996) 

Key words: dsRNA, Interferon, Malignant glioma, Oiigoadenylate, Poly-ICLC, Tumor suppressors 

Postsurgical treatment of malignant gliomas has been (13, 35, 36). More aggressive combined chemotherapy has 

disappointing. Radiation therapy increases median sur- recently been shown to increase the 4-year progression-free 

vival from ~6 to 9 months for glioblastomas (GBMs) survival of AAs to —42% (18). Biological agents, such as 

and 24 months for Grade III anaplastic astrocytomas (AAs) interferon (IFN), have shown some promise but have not 

07, 41); traditional chemotherapy adds only modestly to that lived up to original expectations (24). 
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Polyinosinic-polycytidylic acid stabilized with polylysine 
and carboxymethylcellulose (poly-ICLC) (23) is a double- 
stranded ribonucleic acid (dsRNA) that was used as an IFN 
inducer at high doses (^300 meg /kg, administered intrave- 
nously) in short-term cancer trials years ago. This gave mixed 
results and moderate toxicity (7, 11, 15, 20, 29, 30, 39). How- 
ever, lower-dose (10-50 mcg/kg) poly-ICLC results in a 
broader host-defense stimulation, including T-cell and NK- 
cell activation, cytokine release (TFN-a, -0, and -r, interleukins 
[ILs], corticosteroids, and tumor necrosis factor [TNF]), a po- 
tent adjuvant effect, and a specific antiretroviral effect medi- 
ated by the 2',5'-oligoadenylate synthetase (OAS) and 
kinase nuclear enzyme systems (2, 8, 21, 22, 37, 38). Poly-IC 
also preferentially decreases tumor protein synthesis in vivo 
(19). 

This background, in addition to our experience with poly- 
ICLC in multiple sclerosis and human immunodeficiency vi- 
rus (HIV) infection, led us to a pilot trial in malignant gliomas 
(1, 32). The tolerance and toxicity of low-dose poly-ICLC has 
been described in previous studies. In preparation for a pos- 
sible controlled efficacy study, the intent of the present pilot 
study was to further evaluate toxicity and explore the possible 
usefulness of several low-dosage regimes of poly-ICLC in 
patients with malignant gliomas who were otherwise receiv- 
ing standard radiation with or without chemotherapy. 

PATIENTS AND METHODS 

We report on the first 38 Walter Reed Army Medical Center 
patient volunteers referred for study (Table 1). Entrance crite- 
ria were as follows: 1) biopsy-proven malignant glioma, 2) 
minimum Karnofsky score of 50, 3) at least 1 month after 
having completed radiation therapy, and 4) signed volunteer 
informed consent There were 18 newly diagnosed Grade IV 
patients (patients with GBMs) and 11 newly diagnosed Grade 
III patients (patients with AAs), most of whom had residual 
tumor at study entry (Table 1). In addition, there were nine 
patients with recurrent GBMs or AAs who had progressive 
disease as revealed by radiography at study entry (Table 1). 
The median time between diagnosis or end of radiation ther- 
apy and entrance into the study was 7 and 3 months for 
patients with AAs and 5 and 2 months for patients with 
GBMs, respectively. Hie median age was 58 years for patients 
with GBMs and 32 years for patients with AAs; there were 31 
men and 7 women. Median gadolinium-enhancing tumor 
volume, as revealed by magnetic resonance imaging (MRD, 
was 19 cc (range, 0-88 cc) at study entry (postoperative and 
>l-mo postradiation therapy) (Table 1). The median Karnof- 
sky score at entry was 90 (range, 60-100) for patients with 
AAs, 80 (range, 6GV100) for patients with GBMs, and 80 
(range, 50-90) for patients with recurrent gliomas. Two pa- 
tients with GBMs who dropped out of the study early (one 
because of lomustine 1CCNU] side effects at 8 weeks and the 
other for personal reasons at 1 week) are not included in the 



report. The study population was drawn from —60 patients 
with AAs or GBMs who had been admitted to Walter Reed 
Army Medical Center during the accession period. Among 
those, 18 declined to participate or were not referred by their 
physicians and seven did not meet the Karnofsky score 
requirement. 

Patients were initially entered sequentially into four groups 
of five patients each, given poly-ICLC doses of 10 and 50 
mcg/kg, administered intramuscularly once a week, and 10 
and 20 mcg/kg, administered twice a week, respectively 
(Table 1). Additional patients were then entered into a fifth 
group treated with 20 mcg/kg two or three times per week. 
Each patient or a family member was taught to give the 
injections at home and to maintain a regular treatment diary. 
All but one patient had completed a full course of radiation 
therapy (median = 6000 rads) a median of 3 months 
before entry. That one patient (Patient 10), who had an AA, 
had refused radiation therapy. Twenty patients also 
concurrently received one to seven doses of CCNU (120 mg/ 
M2, every 6 wk) during the first 12 months. Two patients 
(Patients 27 and 38) had received carmustine before study 
entry. Anticonvulsants and dexamethasone were adminis- 
tered as indicated. 

Follow-up included standardized neurological examina- 
tions, electroencephalography, and MRI performed on a 1.5- 
tesla General Electric Signa scan at 3- to 6-month intervals. 
Lesion volume was measured on a computerized light table 
(SigmaScan; Jandel Scientific) and with an image analysis 
program (Med vision 1.4). Tumor partial anatomic response 
(PR) was denned as 2:50% gadolinium-enhancing lesion vol- 
ume decrease, as revealed by MRI on a stable or decreasing 
steroid dose; 100% decrease was classified as complete re- 
sponse (CR) (Table 1). Subsequent scans generally were not 
performed to confirm a response or its duration until the next 
scheduled protocol scan, usually 6 months later (see Results) 
{Fig. 1). Patients were classified as stable (S) if lesion volume 
decreased by <50% or did not increase by s>20% in the first 6 
months of study. Neuroradiologists reading the scans and the 
technician measuring the scans were unaware of the clinical 
statuses of the patients, although they were aware of patient 
participation in the study. Measurements on a given scan 
were ascertained without reference to prior scans or data. 
Special laboratory data included lymphocyte subsets by flow 
cytometry, serum OAS activity (radioimmunoassay; Eiken 
Chemical Company, RIA), serum IFN (vesicular stomatitis 
virus bioassay), TNF, IL-2, IL-6, and neopterin. These were 
performed at baseline, 1, 2, and 7 days later, at 3 months, and 
generally every 6 months thereafter. The median survival was 
estimated using Kaplan-Meier survival analysis, 

RESULTS 

Poly-ICLC was exceptionally well tolerated, with little or 
no toxicity. Quality of life was preserved in most patients. The 
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TABLE 1. Polyinosinic-Polycytidylic Acid Stabilized with Polylysine and Carboxymethylcellufose Used in the Treatment of 
Malignant Gliomas: Patient Evaluation 3 



Diagnosis 


Patient 
Number 


Af»p 1 

(yr) 




Dosage c 
(mcg/kg/wk) 


Mo 
on 
riLLL 


Cycles 


Survival 
(mo) d 


Mo to 
Progression 0 


OAS 
Change 
(%)' 


Tumor 

Size* 
(cc) 


Best 
Tumor 
Change 

(%) 


Tumor 
Response 


Anaplastic Astrocytoma 




























1 


23 


1 


10 x 1 


24 


7 


76 


NP 


310 


5 


-92 


PR 




2 


31 


3 


10 x 2 


54 


1 


61 


50 


334 


74 


-94 


PR 




3 


34 


1 


10 X 2 


52 


7 


61 


NP 


1300 


0 


0 


s 




4 


30 


1 


10 x 2 


52 


5 


61 


NP 




16 


-100 


CR 




5 


36 


1 


10 x 2 


43 


5 


50 


NP 




o 


o 


s 




6 


54 


2 


10X2 


5' 


4 


46 


NP 




8 


—40 


s 




7 


28 


1 


20 X 2 


48 


4 


65 


NP 


900 


2 


-100 


CR 




8 


27 


3 


20 X 2 


45 


4 


54 


NP 


400 


28 


—98 


PR 




9 


46 


3 


20 X 2 


44 


5 


55 


NP 


1600 


22 


—73 


PR 




10 


32 


3 


20 X 2 


39 


1 


44 


NP 


1335 


14 


—99 


PR 




11* 


40 


1 


20 X 3 




0 


34 


30 


1400 


3 


—50 


PR 






32 










55 


54 










Glioblastoma 




























12* 


43 


3 


10 X 1 


12'' 


6 


17 


11 


370 


23 


129 


P 




13* 


60 


5 


10X 1 


8' 


4 


15 


11 


76 


25 


118 


P 




14* 


62 


5 


50 X 1 


9 


3 


15 




43,000 


36 


-19 


S 




15* 


57 


5 


50 X 1 


4 


2 


10 


NP 


- 


3 


- 


- 




16* 


64 


5 


50 X 1 


5 


3 


11 


10 


161 


26 


173 


P 




17* 


67 


5 


50 X 1 


4 


0 


10 


10 


50 


9 


223 


P 




IO 


->o 




m v -j 
Z\J X z. 


1 A 
1 O 


4 


7A 
-CO 


1 a 




38 


—34 


c 




19* 


50 


5 


20X2 


15 


0 


24 


15 


11,467 


28 


214 


P 




20 


42 


4 


20X2 


35 


0 


48 


NP 


1060 


7 


-100 


CR 




21* 


70 


6 


20 X 2 


11 


0 


19 


15 


2250 


65 


-14 


S 




22* 


36 


3 


20 X 2 


20 


0 


26 


22 


- 


9 


-25 


S 




23* 


61 


5 


20 X 2 


8 


0 


12 


8 


842 


8 


195 


P 




24 


32 


3 


20 X 3 


31 


0 


39 


21 


- 


6 


-65 


PR 




25* 


35 


3 


20X3 


10 


0 


15 


- 


- 


15 


-66> 


PR 




26* 


70 


6 


20X3 


8 


0 


12 


- 


414 


59 


17 


S 




27* 


58 


5 


20X3 


7 


BCNU 


19 


14 


567 


39 


47 


P 




26* 


60 


6 


20X3 


5 


0 


8 


6 


2000 


19 


130 


P 




29 


22 


3 


20X3 


34 


0 


4? 


NP 


- 


3 


0 


s 




Median 


58 






10 
















Recurrent Glioblastoma 
or Anaplastic 
Astrocytoma 


30* 


25 


4 


10 X 1 


4 


2 


40 (6) 




87 


57 








31* 


26 


4 


10X2 


6« 


4 


37(18) 




1294 


70 


475 


P 




32* 


35 


3 


10X2 


4 


2 


68 (7) 






88 




p 




33 


33 


3 


20X2 


35 


5 


68 (47) 


NP 


4900 


28 


-too 


CR 




34 


41 


3 


20X2 


35 


0 


73 (37) 


NP 


3500 


24 


-50* 


PR 




35* 


62 


2 


20 X 2 


9' 


0 


35 (10) 




404 . 


1 


200 


P 




36* 


60 


5 


20X2 


10' 


0 


32 (17) 




193 


29 


131 


P 




37* 


30 


4 


20 X 3 


11 


0 


105 (12) 




1520 


13 


390 


P 




38* 


42 


4 


20X3 


9' 


BCNU 


67 (12) 




980 


18 




P 




Median 


35 






11 




68 (12) 













*P1CIC, polyinosinic-polycytidylic acid stabilized with potylysine and carboxymethylceilulose; CCNU, lomusttne; OAS, oligoadenylate 
synthetase; NP, no progression; PR, partial response; S, stable; CR, complete response; P, progression; not applicable; BCNU, carmustine. 

* Prognostic class presented by Curran et al. (6) (see text and Ref. 25). 
c Poly-ICLC administered intramuscularly . 

d Survival or follow-up time (mo from diagnosis or from recurrence [in parentheses]). 

e Months from diagnosis to radiographically determined progression. 

f Maximum change in serum oligoadenylate synthetase in response to poly-ICLC treatment. 

5 Gadolinium-enhancing lesion volume at study entry (postoperative and after radiation therapy). 

* ?atient died. 

' Intermittent treatment. 

1 Percent decrease of enhancing lesion after initial increase at 3 to 6 months (see Fig. 1). 
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0 5 10 15 20 25 30 35 40 

Months on Study 

FIGURE 1. Poly-ICLC in malignant gliomas. Gadolinium-enhancing tumor volume change over time, as revealed by MRI in 
patients with tumors >5 cc who were responding or stable with the administration of poly-ICLC. Seven additional responders 
with smaller tumors are not shown. 



most common complaint was of mild, temporary discomfort 
at the injection site. Several patients complained of an occa- 
sional transient fever or malaise after injection (greater in the 
50 mcg/kg group), but this usually resolved after the first few 
treatments. 

All but one patient with Grade III AAs who received con- 
tinuous poly-ICLC remain alive a median of 55 months 
(range, 42-74 mo) from diagnosis (Table 1). Median progres- 
sion-free survival is now 54 months. One patient who had an 
AA died at 34 months, after recurrence at 30 months. living 
patients with AAs are all well off of corticosteroids, except for 
two patients, one with biopsy-proven radiation necrosis at 42 
months from diagnosis (Patient 9) and one with tumor recur- 
rence at 52 months from diagnosis (Patient 2). Another patient 
with an AA (Patient 10) who refused radiation therapy is well 
42 months from diagnosis. Only 3 of 18 patients with GBMs 
remain alive. The median Kaplan-Meier survival for patients 
with GBMs who are receiving at least twice weekly continu- 
ous therapy is 19 months (95% confidence interval, 9-29 mo) 
(Fig. 2 r Table 1). However, median survival was 11 months for 



the six patients with GBMs who received only once weekly or 
intermittent poly-ICLC and 17 months for all patients with 
GBMs. Most deaths were caused by tumor progression or by 
recurrence after response; 15 patients with GBMs died, and 
two of those deaths (Patients 15 and 25) were caused by 
pulmonary emboli without evidence of tumor progression. 
Patients with recurrent gliomas now have median survival or 
follow-up of 12 months from time of recurrence or 68 months 
from diagnosis. Median survival was no better for patients 
with GBMs who received chemotherapy (15 mo) than for 
those who did not (19 mo). 

In an attempt to correct for the variability in risk factors 
within our relatively small population, we have classified all 
our newly diagnosed glioma patients by the prognostic class 
presented by Curran et al. (6), which takes into account age, 
Karnofsky score, tumor histology, neurological and mental 
statuses, and treatment variables (Table 2). This is based on a 
sample of 1578 patients who received radiation/chemother- 
apy in three recent malignant glioma study group trials. Five 
of our six young patients who had AAs but no neurological 
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recurrent gliomas). The best single response is given for each 
patient in Table 1. The anatomic responses for all patients who 
were newly diagnosed with AAs were as follows: 2 of 11, CR; 
6 of 11, PR; and 3 of 11, S. The responses for all patients who 
were newly diagnosed with GBMs were as follows: 1 of 17, 
CR; 2 of 17, PR; and 6 of 17, S. Median single best tumor 
volume regression was 93% for patients achieving CR or PR 
and 65% for responding or stable patients combined. Overall 
responses revealed by MR1 or stable rates achieved by poly- 
ICLC administration are 71% for a dosage of 10 mcg/kg 
poly-ICLC administered twice weekly (n = 7), 65% for 20 
mcg/kg two or three times weekly (n = 23), and 33% for 10 or 
50 mcg/kg weekly (n = 6). Of 20 responding or stable patients 
with MRI follow-up examinations, 12 remained stable or 
showed further tumor regression over <52 months (Fig. 1). 
Two patients, whose lesions had grown at 3 to 6 months, 
showed tumor regression at 6 to 12 months after receiving 
poly-ICLC alone (Patients 25 and 34). 

Serum OAS activity increased by at least 300% in response 
to poly-ICLC in 24 of 29 patients tested (Table 2). Absolute 
values ranged from 0 to 135 pcgm/dl at baseline, with in- 
creases as large as 400-fold. (Separate studies have shown a 
clinical antiviral response to be associated with serum OAS 
increase of >300% after IFN treatment of hepatitis patients.) 
There was an association between OAS response to poly-ICLC 
and tumor response or stabilization, as revealed by MRI 
(P = 0.03, Fischer's exact test). Baseline serum IFN ranged 
from <5 to 126 IU, with increases of 5- to 25-fold in only 4 of 
15 patients. There was no relation between serum IFN and 
OAS activity or tumor response. Serum neopterin and IL-2 
responses were highly variable and inconsistent, with median 
changes of only 7 and 0%, respectively. Serum TNF and IL-6 
did not change at all in response to these intramuscular doses 
of poly-ICLC. There was no relation between serum changes 
in any of these cytokines and tumor response. 

DISCUSSION 

The 100% sustained tumor response or stable rate and the 
prolonged, continuing, quality progression-free survival 



TABLE 2. Polyinosinic-Polycytidylic Acid Stabilized with Polylysine and Carboxymethy (cellulose Used in the Treatment of 
Newly Diagnosed Malignant Gliomas: Expected and Actual Survival 3 



Prognostic 
Class 6 


No. of 
Patients 


No. of Patients 
Remaining Alive 


Median Age 
(yr) 


PICLC Median Survival 
or Follow-up (mos) 


PICLC Survival 
(2 yr) (%) 


Historical Median 
Survival (mo) 


Historical 
Survival 
(2 yr) {%) 


1 


6 


5 


32 


61 


100 


59 


76 


2 


1 


1 


54 


46 




37 


68 


3 


10 


6 


34 


40 


80 


18 


35 


4 


1 


1 


42 


48 




11 


15 


5 


3 


0 


58 


19 


33 


9 


6 


5 C 


5 


0 


62 


11 


0 




6 


6 


3 


0 


70 


12 


0 


5 


4 



* PICLC, potytnosinic-polycytidylic acid stabilized with polylysine and carboxymethylceilulose; ~, not applicable. 

b Prognostic class presented by Curran et al. (6). Historical survival figures are based accordingly. Poly-ICLC survival (or median follow-up for 
Jive patients) is given for each prognostic class. 

c Class 5 patients receiving poly-ICLC only once weekly. 




20% 



0% -I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 

Months from Diagnosis 

FIGURE 2. Poly-ICLC in malignant gliomas. Kaplan-Meier 
survival from diagnosis (patients receiving poly-ICLC two to 
three times weekly). Patients with GBMs: n = 1 2, 3 remain 
alive. Patients with AAs: n = It, 10 remain alive. X f cen- 
s red (live) patients. 

abnormalities (Class 1) and who received poly-ICLC are alive 
and well, with a median progression-free follow-up of 61 
months versus an expected historical median survival of 59 
months on standard radiation /chemotherapy (6). Most of our 
Class 3 patients (mostly young patients with AAs with mental 
status changes or young patients with GBMs) who received 
poly-ICLC are still alive, with a median survival or follow-up 
of 40 months versus an historical median survival of 18 
months. Median survival for our Class 5 patients (older pa- 
tients with GBMs) who received poly-ICLC two to three times 
weekly is 19 months versus historical survival of 9 months. 
However, survival of Class 5 patients who received poly- 
ICLC only once weekly was about the same as standard 
treatment. For all Class 5 patients combined, it was 13.5 
months. Two-year survival for Class 3 patients receiving poly- 
ICLC was 80%, versus 35% on standard therapy. 

Gadolinium-enhancing tumor, as revealed by MRI, has re- 
sponded or remained stable for at least 6 months from study 
entry in 66% of the patients (20 of 30 patients) receiving 
poly-ICLC two to three times weekly (10 of 10 patients with 
AAs, 8 of 12 patients with GBMs, and 2 of 8 patients with 
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(present median follow-up, 54 mo) in our patients with AAs 
receiving poly-ICLC contrasts favorably with the expected 
median survival of —26 months for patients with AAs who 
are undergoing standard treatment (35, 36). The median sur- 
vival of 19 months for our patients with GBMs who were 
receiving at least twice weekly poly-ICLC is also encouraging 
{Fig. 2). However, the present pilot study is too small to 
provide a reliable measure of efficacy. Similarly, the low 
median age, relatively high Karnofsky score at entry, and 
relatively long interval between diagnosis and entry in some 
patients may have biased our sample toward natural long- 
term survivors, although they cannot fully explain the extent 
of our findings (35, 36). For example, even our subset of 
patients with GBMs who are older than 50 years showed a 
prolonged median survival to 16 months; when patients are 
regrouped by prognostic class considering age, clinical status, 
histology, and treatment, poly-ICLC survival or follow-up 
figures in all prognostic groups still compare favorably with 
those of a cohort of 1578 patients on standard radiation/ 
chemotherapy {Table 2) (6). 

Interpretation of anatomic response rates (as determined by 
MRI) in malignant glioma studies remains controversial. The 
initial anatomic response rates of our patients treated with 
poly-ICLC compare favorably with other studies, yet it is 
perhaps more notable that all but nine responders receiving 
continuous poly-ICLC have shown further tumor regression 
or stabilization, as revealed by MRI, at 12 to 52 months from 
entry, with or without concurrently administered CCNU 
{Fig. 1). We also emphasize that these patients may have 
unmeasurable nonenhancing tumor, and conversely, that cer- 
tain areas of enhancement may represent postoperative or 
radiation change. The observed responses may also have been 
caused by radiation and /or chemotherapy. Shrinkage of en- 
hancing lesion can be seen for months after radiation alone, 
but half of our responders were at least 3 months from com- 
pletion of radiation therapy at study entry and were probably 
beyond the principal radiation effect on tumor size at the time 
of follow-up, 6 to 12 months later. Likewise, corticosteroid 
treatment cannot explain these changes, because most re- 
sponders were off steroids or on a taper at the time of re- 
sponse. A synergistic effect between poly-ICLC and CCNU is 
also possible, although there was no significant difference in 
tumor response or survival between our patients who re- 
ceived CCNU and those who did not. However, most of our 
patients with AAs received at least one cycle of CCNU. Based 
on this limited sample, the optimum dose of poly-ICLC seems 
to be —20 meg/ kg, administered two or three times weekly, 
but response that can be detected by MRI can be delayed by 
6 to 12 months for some patients. 

There are at least three interrelated systems stimulated by 
poly-ICLC, any of which, alone or in combination, might be 
responsible for our findings. The first two are its induction of 
IFN and its broad irnmune-enhancing effect (21). However, 
the levels of serum IFN induced by our doses of poly-ICLC 
are relatively low and have not been associated with antitu- 
mor action. Low-dose poly-ICLC also has a direct immune- 
enhancing action independent of IFN, including increased 
antibody response to antigen, and NK-cell, T-cell, macro- 



phage, and cytokine activation. Although discussion of the 
complex immunostimulatory effects of poly-ICLC and the 
IFNs is beyond the scope of this report, their role in the 
potential antineoplastic effect we have seen needs further 
investigation. An interaction with the possible immunosup- 
pressive role of TGF-J3 in gliomas may be of particular interest 
(27). However, preliminary laboratory results regarding our 
patients show no clear relationship between tumor response 
and measurable serum IFN, TNF, IL-2, IL-6, or neopterin; this 
agrees with prior animal studies (2). 

The third action of poly-ICLC is a more direct antiviral and 
perhaps antineoplastic effect mediated by at least two IFN- 
inducible nuclear enzyme systems, the 2^5' -OAS and the 
phosphorylated eukaryotic initiation factor 2-a kinase, also 
known as the dsRNA-dependent P 68 protein kinase (P^ PK) 
{Fig. 3) (4, 12, 33). dsRNA induces an antiviral state in cells by 
functioning as an obligatory cofactor for OAS, which activates 
ribonuclease L, as well as for the P^ PK, which inhibits 
initiation of protein synthesis. Both are very sensitive to 
dsRNA dose and structure (28). For example, simple, long- 
chain dsRNA (as in poly-ICLC) is the most potent stimulator 
of OAS and P^ PK, whereas mismatched or irregular dsRNA 
can be inhibitory. Similarly, the P^ PK has both high- and 
low-affinity binding sites and is inhibited by too high a dose 
of dsRNA (9). Clinically, the OAS response is also maximal at 
a dose of —30 mcg/kg poly-ICLC and is much diminished 
above 100 mcg/kg (Kende M, Bernton N, unpublished obser- 
vations). If further studies confirm our hypothesis that OAS 
and/or PK may mediate the possible antitumor action of 
poly-ICLC, this might help explain why the high doses of 
poly-ICLC used in early cancer trials were relatively 
ineffective. 

The clinical half-life of the OAS response to intramuscularly 
administered poly-ICLC is —2.5 days, suggesting an optimum 
dose schedule of two or three times per week (26) (Kende M, 
Bernton N, unpublished observations). Our patients showed a 
<40-fbld increase in serum OAS product in response to treat- 
ment at 10-20 mcg/kg, and a significant association of serum 
OAS with tumor response (P ~ 0.03). However, the extent to 
which serum OAS reflects actual OAS (or P^ PK) activity in 
the tumor or the brain is unknown, as is the extent of poly- 
ICLC penetration into tumor cells. 
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The inhibition of EFC-2 glioma cells in vitro by IFN-/3 is 
significantly associated with activation of both the OAS and 
Pgs PK (31). Koromilas et al. (14) demonstrated that expres- 
sion of a functionally defective mutant of kinase results in 
malignant transformation in vitro, suggesting an important 
role for this enzyme in suppression of tumorigenesis. They 
also suggest a possible relation to the P53 tumor suppressor 
associated with the multiple-malignancy Li-Fraumeni syn- 
drome, which includes astrocytomas, sarcomas, and lung and 
breast cancers (25). 

Several viruses, including adenovirus and the human HIV, 
circumvent host defenses by down-regulating OAS and/or 
P 68 kinase, and this effect can be reversed in vitro by exoge- 
nous dsRNA (12, 34). dsRNA may be clinically useful in HIV 
infection (3, 32), and in vitro studies have shown an antiret- 
ro viral effect of poly-IC and poly-ICLC that is not blocked by 
anti-IFN antibody and is accompanied by elevation of OAS 
(10, 40); HIV replication is virtually halted in infected mono- 
cytes, although provirus remains present, suggesting induc- 
tion of latency by poly-ICLC. Comparison with this HIV 
model suggests that the principal action of poly-ICLC in 
gliomas may be tumoristatic rather than tumoricidal; this is 
consistent with the delayed tumor response we see clinically. 
A hypothetical block of P^ PK and/or OAS-mediated IFN 
action might also explain the variable response to IFNs seen in 
neoplastic disease, but whether malignant gliomas and cer- 
tain other neoplasms use this or a similar mechanism to 
circumvent host defenses and whether it might also be revers- 
ible clinically by poly-ICLC remain uncertain. 

Finally, recent studies have demonstrated a progression of 
glioma genetic abnormalities with increasing malignancy. 
Changes in the P53 genes on Chromosome 17 and in the 9p22 
IFN complex are seen in AAs, whereas GBMs demonstrate 
additional changes in 9p, as well as loss of Chromosome 10 
and /or amplification of the epidermal growth factor receptor 
gene (5, 16). The differential response we have observed be- 
tween AAs and GBMs might also be explained if poly-ICLC 
action were to compensate clinically for the IFN gene defects 
on 9p but not for the changes on Chromosome 10 and 
elsewhere. 

In conclusion, we have demonstrated the safety and toler- 
ance of long-term, low-dose intramuscularly administered 
poly-ICLC in patients with malignant glioma and have tenta- 
tively identified a potentially beneficial dose range (20 meg/ 
kg, administered two to three times weekly). Although these 
findings are encouraging, we must again emphasize that any 
further statement regarding efficacy against malignant glio- 
mas or other neoplasms must await controlled multicenter 
trials. These results also point out the need for further labo- 
ratory studies of the potential antineoplastic role of long-term, 
low-dose dsRNA, including the possible roles of OAS and P^ 
PK in the biology of malignant gliomas and their relation to 
the P53 tumor suppressor. 
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COMMENTS 

This article considers the pilot use of polyinosinic-polycyti- 
dylic acid stabilized with polyiysine and carboxymethylcellu- 
lose (poiy-ICLC) in the treatment of newly diagnosed and 
recurrent malignant gliomas. The inherent problems of small 
numbers and sequential accrual have been addressed, and the 
results seem compelling, encouraging the institution of Phase 
n/HI clinical trials. Although some issues can be made with 
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using heterogenous historical controls, the description of me- 
dian survival in this population of 18 months in newly diag- 
nosed glioblastomas (GBMs) multiforme and 12 months from 
recurrence in recurrent malignant gliomas is compelling. The 
question of age bias, in that the best responses were seen in 
the youngest patients, cannot be adequately ruled out in the 
study of this design, but it seems that further clinical trials are 
well warranted with this agent. 

Tom Mikkelsen 

Detroit Michigan 

This is an interesting report of a Phase I-H dose escalation 
trial of the immunomodulator and antiviral agent, poly-ICLC 
(20 mg/kg, administered two to three times weekly) in the 
treatment of 38 patients with malignant gliomas. Twenty-nine 
patients (11 with anaplastic astrocytomas [AAs] and 18 with 
GBMs) were treated adjuvantly after external beam radiation 
therapy; 9 patients (with GBMs and AAs) were treated at the 
time of recurrence. Twenty-three of 38 patients received ni- 
trosourea concurrently, including 10 of 11 patients in the AA 
group. The authors report a 52-month median survival in the 
AA group, compared to an expected median survival of 26 
months. The authors also analyze their data according to a 
prognostic model presented by Curran et ai. (1), which is an 
important new approach. The authors have eliminated two 
patients from analysis in the GBM group because those two 
patients dropped out of the study (one because of side effects 
and the other for personal reasons). Those patients probably 
had a decreased median survival 0^12 mo), and their inclu- 



sion in this trial, in an "intent to treat" analysis, would prob- 
ably change median survival to ~15 months. In reviewing the 
response of malignant gliomas to poly-ICLC, we must reex- 
amine the small number of patients, the concurrent adminis- 
tration of lomustine, and the great variability of individual 
response in young patients before drawing major conclusions 
about the data presented. The authors acknowledge this and 
discuss the possibility of a future randomized trial to assess 
the therapeutic effect of poly-ICLC They have established the 
safety and tolerance of poly-ICLC. 

Harry S. Greenberg 

Ann Arbor, Michigan 

This article is about the effects of an old compound, poly- 
ICLC, administered intramuscularly at a new dosage sched- 
ule. The authors demonstrate the activity of poly-ICLC on 
AAs and GBMs. At doses lower than those used a decade ago, 
response rates for both diseases, including stable disease, 
were impressive. Although dosage several times per week 
seems to be superior to a single weekly dose, the design of the 
study does not permit a firm conclusion. The authors adopted 
a cautious approach to their data in a relatively small number 
of patients, presenting historical data but recognizing the 
limitations of comparisons with such data. This pilot study 
should provide an impetus that will lead to a controlled, 
multicenter trial. 

Malcolm S. Mitchell 

San Diego, California 
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